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FOREWORD

This handbook was prepared by the Martin Marietta Corporation

,ruder Contract NAS ]0-5935 "Cleanliness Level Requirements for

Pn(.umatlc and Hydraulic ComponenLs - Service Arm System, Complex

39" I,,r the J. F. Kennedy Space Cc.nter _,f tile National Aeronautics

and Space Aduli ,istration. The work was administered under the

Technical Direction of the Design Engineering Directorate, Me-

chanical Systems Division, of the J. F. K_nnedy Space Center with

Mr. James R. McBee acting as project manager.

Prepared by: Hubert N. Allen

Victor A. DesCamp

Approved by: Victor A _'[_mp._=_

Program Manager

NOTICE

Commercial ,_,mes as used herein arc, for ease of iden£ificatlon

,,fly; (heir mentioll does not c_,nstitttte e'ndorst'nlcnt by tile authors

_*1' _.llly }-oVvl'nilleill.. _l,_'ellvy.
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SC0PE

This handbool< llas been prepared as a guideline to contamination

control practices for those persons engaged in the design of aero-
space _round fluid systems and portable equipment. The term

"f]uLd", as used herein, implies either hydraulic oil, gaseous ni-
trogen, or gaseous helium. The handbook considers "contamination"

re consist of solid particulate matter foreign to the fluid in

which it is entrained; it does not consider impurlties such as

trace gases or volatile hydrocarbons. Water is treated separately

where appropriate. The guidelines contained herein also apply in
general to gaseous oxygen, gaseous hydrogen, fuels, and the cryo-

genic fluids; however, no attempt has been made to treat problems

that are peculiar to these fluids. For example, hydrocarbon re-

moval is quite important in oxygen systems; hydrogen demands spe-

cial treatment for explosion-proofing; and the cryogenics present

special problems such as valve stem sealing, moisture freeze-out,
etc.

Further, the material presented herein is not intended for pre-

cision a_rborne equipment, servo valves, gyros, or air-bearings, or

ground systems that interface with the vehicle. While the princi-

ples are applicable, the degree of control must be carried further

than is normally necessary for ground systems. _'

No attempt is made herein to cover the design, construction,

or operation of clean room facilities or equipment. Suggestions
are presented in a brief manner concerning cleaning agents and

methods, along with a discussion of the necessity of environmental

control during assembly and maintenance operations.
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INTRODUCTION

. The problem of specifying cleanliness requirements for aero-

space ground equipment, both systems and components, is one for

which very llttle uniformity of thought exists throughout the
industry. This wide diversity of opinion extends from the de-

, signer who must exact high reliability requirements from his de-

vice, to the technician assigned the responsibility of attaining

near-im,ossible levels of cleanliness. Often, the imposition of

unnecessari]y stringent cleaning requirements actually causes

functional degradation of a component, which may or may not ap-

pear during acceptance testing. It is an absolute impossibility

to attain and maintain a zero level of particulate contamination;

yet all too often, attention is completely focused on contaminant

removal, rather titan on the conception of designs and procedures

that are tolerant of a reasonable amount of foreign materla].

This attitude inevitably results in substantial cost increases
for all phases from initial design through procurement, installa-

tion, operation, and maintenance. The important consideration is

£o control the level of contamination only to the point whereby

it will not constitute a hazard or degrade the function of the

product concerned.

With this concept as a goal, this handbook has..been prepared

to assist designers and other interested persons in dealing log-

ically and intelligently with the problems posed by particulate

contamination in ground fluid systems. MajoJ topics discussed
include (l) the nature of contamination; (2) the effects of con-

tamination; (3) determining and attaining requ&red levels of ini-

tial cleanliness; (4) considerations during design; and (5) main-
taining operational cleanliness levels. "'



NATUI_E OF CONTAMINATION

ryp_s._}_g99£99_P99!on.

The term "particulate contamination" as used herein encompasses
the com1_lete range of foc_ign materials found _n fluid systems as
well a_ ambient contami,lants found in the environments in which the

sys_em_ operate, Probably the most common materials encountered

are metal]it chips or slivers g_nerat_d during various manufactur-

ing processes; sloughed portions of rubber O-rings or plastic .eath

generated durlnR component operatlon; grains of sand or dirt that

enter the system when it is opened _o the atmosphere, or that are
contalnad in the fluid; _nd akln particles or cloth flbors that are

generated during handling and _nstal]atlon oporatlons. Oth(,r con-
tamina_s that occur but ar_ l_ss obvious are ¢or_uslon prodtmt._

plati_,g flakes; chemical products, such as thwead lubricants or

hydra,:lic oil, decomposition residues I and paint flakes. Althoush
not d_fined as particulate, water Is also consid_rod hurein in con-
nectlon with the formation of corrosion products. Examples of non-
particulate contamination, which are not discussed in this handbook,
are chemical, such as t_ace gases, volatile hydrocarbons, utc, and
biological, such as bacteria, fungi_ spores, etc.

The particulate contaminants considered tango widely in form

or shape but are generally rough and irregular. Crystalline forms

are sometimes found, as with silica or fluid decomposition pro-

ducts. The idealized, _b::ical particle is seldom seen, except

perhaps where glass beac _. : been used in a manufacturing proc-

ess. Fibers are commonly defined as having a length-to-wldth ratio

of I0 to 1 or greater. The most undesirable contaminants ere ir-

regular, sharp-edged metallic or inorganic particles that erode
surfaces, cut seals, score seats, and agglomerate readily, thus

filling clearances or clogging orifices. Large numbers of fibers
are also preset to form a mat which, in t_rn, traps smaller parti-

cles, thus clogging small passages and orifices.

Particle density will vary widely with respect to that of the

system fluid. This density ratio, along with flow velocity, will
govern whether contaminants will remain entrained in the fluid, or

settle out and collect in traps and blind areas. In general, set-

tling will predominate in gaseous systems (except for extremely

small-slzed particles), whereas in hydraulic systems entraitwnent
is most Likely to occur.

..... O0000001-TSAIO



Sou Tces of Contamination

There ara three: major ways by which contasdnant:_ may be, intro-
duced into, or developed within a ayetem: built-in, generated t and
e>:ternal. A]] three are, to some e_<tant, beyond immediate control
of th_ designnr; thus, it is imperative that their potontial he
recognized when r:va]uatin_ the necnnsity for control equipment and

procedures,

Built-in contamination Js that which is created d.rin_ mann-

feature and assembly, 'fha_a may ha classified as residue] mold

sand on castJnv_, lapping compound, lathe and ;lril_ chips, t, rind-

lng debris, wol, d aplatterp dama!:_ed sea! ma_ar.J.ata_ and migration
from filtern. Such mate.rials l(_fl: over from aant_fact,wtnv lind

atiltomb]y opt, rations are among tlw re.n! Imzardou_ be, cause lh,:y are
usually hard and ahran|ve, and ,,ftan (at; wttl_ lapping compound)
o_tremely fine and dlltfl_,llt l:,,r_move. Tent bench fluids are a
cOmlllOn tloilrv.t: .f contamillal_ion, liot only beca.a. Ch¢,y fond to I,(,
overlouked on tim asmlmpgton that LIit;y are clean, but b_caufl(, they

usually inw_lve the laa_ el,oration before syftem activation.

Generated contamination is i:lmt which is creal:od by act.el op-

eration of the system. This is normally debr%s generated by slid-

ing surfaces, abraded aual_, hose flexure, fluid degradation, and
other chemical or physical processes. Flow across orifices and
valve spool, edges may generate contaminants caused by ero._,lon or
cavitation. Creation ot such maturial will continue as long a_

the system is in operation. It is generally agreed that pumps

are the major sourc_ of such contamination, followed closely by
materials frorl damaged seals, sliding mechanisms, and ether close-

tolerance parts.

External contamination is that which finds its way into the

system from the outside environment. The contaminant type and

size will vary according to the system location and the proficiency

of operating personnel. Most common types consist of airborne
dust, sand, and moisture. Opportunity for entrance exists at re-

l_ef valves, breathers, on exposed cylinder rods, and during sa',.-

piing operations, make-up fluid addition, and maintenance opera-
tions. Condensation is a source often overlookt:d, as is the addi-

tion of improper fluid in hydraulic systems; beth of these can
cause fluid degradation.

00000001-TSA11



The (.lo_ign_r stlould fully undor_tand that all of the typos of
ct)ntamtnation do._cribed abov_ are detrimental, and often exist as
particles so small as to be Invisible to tile naked aye. ThQ normal

,mlt of measurement for pnrtieulato contamination Is the micron
($_),0.o0of)0l meCLr, Thus,

l micron = 0,0000394 inch

l micron _ O,00l mtllimotpr

()ri

} millimeter _ 1,000 mieronB

I .In(;h- 25,l+00 mieronn

The low(,r limit of vi_btlt.ty t_ commonly considered to be 40 mi-
crt._nu; a human hair is approximately 100 microns _n diameter,
Ft_,,urt;s 1 aud 2 I)rt,_ent conversion data for some common objects
and materiels. FiI4urus 3, 4, and 5 show common shapes that parti-
culate matter can assume.

When meaattrlng particulate matter, the common practice £s to

gage and report the longest particle dimension. In ground fluid
systems and components, the smallest particle of ordinary concern
is 5 microns, and numerical control is usually attempted up to a
maximum of 2000 microns. Fiber length limitations often extend

to between 4000 and 6000 microns. Such particles are of course

easily seen by visual examination, being several millimeters long.

The emphasis of this handbook is on particulate, matter of a size

that requires microscopic techniques for identification.

...... _j
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Re]ative Size of Particles

Note: Magnification 500 times

o ©
" 2 Microns S ,Mir_,,u._

o5 Microns

25 Microns

Linear Equivalents

1 Inch 25.4 Millimeters 25,400 Microns

I Millimeter 0.0394 Inches 1,000 Microns

1 Micron 1 of an Inch 0.001 Millimeters
25,400

1 Micron 3.94 x I0"_ 0.000039 Inches

Relative Sizes

Lower Limit of Visibility (Naked Eye) 40 Microns

White Blood Cells 25 Microns

Red Blood (:ells 8 Microns

Bacteria (Cocci) 2 Microns

Screen Sizes

Meshes Per U.S. Opening In Opening In
Linear Inch Sieve No. Inches Microns

52.36 50 0.0117 297

72.45 70 0.0083 210

I0] .Of .....I00 0.0059 149

142.86 ...... 140 0.0041 105

200.00 .... 200 0.0029 ........ 74

270.26 -- 270 O.0021 53

_2 _.(}(, ---";25 ...........0.0017 44
O. 00039 10
0.O00Ol 9 O.

Figure I Size Conversion Chart
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Figure 4 Cotton Lintner Fibers (lOOX Ma_nlflcation)

I

Figure 5 Teflon Particles (lOOX Magnification)
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EFFECTS OF CONTAMINATION

Static Effects

The three most common effects of entrained partlculato matter

on static components are (I) clogged filters, (2) plugged orifices,
and (3) leakage.

Clogged f|Iters may occur where tile filter is under-designed,

in systems that contain extremely large quantities of particulate

matter, or in systems over which poor maintenance procedures are

exercised. Probably the majority of fluid systems contain filters

that are effective down to the 10-40 micron range; thus, partlcles
smaller than this size pass through the filter unaffected. Gross

amounts of contaminants larger than th_s size will collect on the

surface and ultimately block passage of the fluid to a point where

the pressure drop of the filter is detrimental t(, proper system

function. Such a situation usually occurs due to the presence of

a severe contamlnatJon generator within the system, the addition

to the system of uncontrolled make-up fluid, or fluid degradation

resulting from chemical reactions. Proper design and specified
maintenance procedures must be enforced to prevent this situation

from occurring. The use of filters containing built in t_P indi-

cators is an aid that can be utilized in this respect.

The filtration efficiency of a filter increases as the fiber

loads up with contaminant. Figure 6 shows the relation of ffl-

tration efficiency between a clean and dirty filter.

Plugged orifices may result from random large particles or

fiber-matting in what may be relatively clean fluid. Orifices

are usually of a size that will permit free passage of the smaller

size particulate. Agglomeration of smaller particles in hydrau-

lic systems can be a factor, especially in systems that see long
inactive periods and use MIL-H-5606 fluid. This phenomenon is
discussed in more detail in a later section of this handbook.

Adequate filtration is the only solution to this problem, and

even that cannot be guaranteed because fibers in particular may

pass through surface type filters. Depth fil:ers should be spe-
cified in especially critical applications (orifice sizes in the
order of 0.010 in.).

Static leakage failures result from large hard particles be-

t',,mlng[mbt,dtledon tile soft seat of a component, or scratching

and gouging of metal-to-meLal seals. O-rings a,d sealS, damaged

during asst,mb[y, are also a prevalent cause of static leakage.

00000001-TSB05
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FLUID

¢¢ CONTAMINATION LEVELI,U

LEVEL CHANGEtu WITH TIME

tED

_ CONTAMINATION
LEVEL AFTER INITIAL

CONTAMINANT FILTERED
:E EUI LD-UP CONTAMINATION

LEVEL
Z

FILTERED FLUI

PARTICLESIZE(MICRONS)

Figure 6 Filtration Efficiency
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Filtratl.on is usually an adequate answer to this problem. Large
particles are generally the cause of static leakage failures.

Many components contain relatively coarse, built-ln filters to

combat this problem. Especially critical components can also be

. protected by using small in-llne filters, as long as pressure-
drop considerations can be met.

DYnamic Effects

The,re arc throe common effects of entrained particulate mat-

t-or on dynamic components: (I) stlction, (2) silting, and (3)
wt:ar.

Stlction is an acronym used to describe the phenomenon (}f a
force increase necessary to impart motion to a sliding part, such

as a piston. The word is derived from "sticking" and "frlcti(m"

both o[ which imply dependence on the materials and fluids in-
volved. The component clearances and the cleanliness level of

the fluid are the determinln 8 factors related to stlctlon. The
i effect of the contaminant is to raise the force level necessary to

impart motion. Extremely fine particles, those that easily pass
through normal filters, are the contributing factor of stietlon.

Exceptionally fine filters, in the order of 0.5 to 2.0 micron

rating, can be specified, but a bel'ter solution is the procure-

ment of components that provide a wide margin of safety on actuat-
ing force provision.

Silting is a term that refers to the buildup of fine parti-

cles to the point of restricting or preventing motion. The tend-

ency of a contaminated fluld to disrupt proper functioning of

close-clearance components has been related to a "Silting Index".

The Silting Index is determined by a specified procedure (ARP-788)

that measures the pressure drop across a filter clement and is a
function of the Cluid contamination. Procedure ARP-78B has been

discontinued because of the poor correlation between existing

agencies. Silting often results from heavy contaminant generators,

or from chemical degradatlcn of hydraulic fluid. It is usually

only a problem in serve valves and similar parts containing clear-
ances less than 0.0001 inch. Fine filters (0.5 to 2.0 micron)

installed immediately upstream of the critical item, combined

. with strict fluid contamination control are necessary to prevent
silting.

Wear of metering edges, seats, and orifices can result from
the erosive action of contaminated fluid under conditions of

significant flow quantities and velocities. This is particularly
evident in high-velocity gaseous systems, and in cases where con-

tamlnation generators are in action. Hard particles such as sand

I

............ ]-7,- 7
i ..... I i i............±.......................± ......... I
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and fine metallic part. iclea generated by pumps a_td oLht_r sliding
mechanisms art, exceptionally abrasive when re,wing al high vel.t'i-
ties. Erosion of s-ft resilient materials i._ lena prevalell[ Chilli
-n hard metal bt, ca.se the particles will bound oil the resilient
material without causing, damage. Erosion of metal parts will al-
so occur wher_ the flow stream changes direction. The flow stream

will change direction, but the particles with their velocity vec-
tor will impinge on the metal surface causing erosion. Components
ct, ntaining diaphragms and thin metallic bellows should receive
consideration in th£u respect. The largert heavier particles are
lea_ of a factor in eroalon problems; as wi_h stlction and silt-

l.ng, it is largo quantities of fine particles that are detrimen-

tal. Wear caused by erosion can be minLmlged by increasing flow

areas, decreasing fl-w veloclti_s, and preventing direct impinge-

ment on metal surface. Fine filtration aua frequent system fluid

sampling are again necessary to eliminate and cuntrol the flno
particles that are the source of erosion failures.

5

O0000001-TSB08



t3

REQUIREMENTS FOR CLEANING

p_ro_bloms_ of Unnecessary cIjepn£ng

Unfortunately, when considering the cleanliness requirements

of a component or system in the design phase, too many designers
are inclined to 'bake it and keep it as clean as possible". This

attitude reflects lack of professional responsihility hy the de-

signer and inevitably leads to the unanswerable questtoh 'Row
clean i_ clean?" The designer must ask himself, "flow cleao must

this part be to function properly and reliably?", and it is his

responsibility to dorermlne realistic requirements for those fea-

tures of the product that are critical. Unnecessary restrictions

will result in high component costs, time delays, and can even
be detrimental rather than ben_fleial to t_e deliverable item.

The following criteria should be rigidly observed:

I) Do not specify a higher level of cleanliness than can

be logically justified. Speci[ying an ultra-clean

level just to be on the safe _ide, or calling for

the cleanest level available at the facility, can

have serious consequences;

2) Precision cleanliness should not become a requirement

during the manufacturing cycle until it actually be-
comes critical;

3) Do not specify general terms such as "shall be free
of dirt and particles': or "shall be assembled in a

clean area". Quality Control personnel must have

specific requirements to work to;

4) Do not automatically transpose requirements from one
product to another. Each item or system should be

evaluated in the context of its own application;

5) The total cycle of a component from manufacture,

through cleaning, and to its final use point should

be considered in contamination control. Anticipate

conditions of acceptance testing, packaging, and ex-

tended storage. Much money is was_ .d and potential

harm is done by inattention to details after the final

cleaning and assembly operations.

More specific guidelines for specifying cleanliness require-

ments of components, systems, fluids, and environments are pre-
sented in the following paragraphs.

'-"" • - " "_ _ "'TI, "e..i- I , ." ..... " , i ,,; ,hi ..... ,, lid

..... 00000001-TSB09
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C_tE_m.c,.f Requ_ rement s

Tim ruqulremunts specified for a fiuhl component: n-[ only af-
t,,cL its own reliability, hut also reflect the charactert.stics of
tl|_, system in which it must perfornl, Ml._:ration of contami.atlon
from one component may affect many others downstream, The primary

r(,ason for specifying a component cleanliness level is to attain

an ultimately satisfactory system operating cond_tlon. Component
l.(,velsshot|Id he more stringent than the desired system level,

As a minimum, consideration should be given to the followinfi items:

I) Fluid viscosity, d_nsity and voloclty;

2) Reliability requirement and redundancy;

3) Statistical analys_s of past performance;

4) Type of filtration in the system;

5) Minlmum clearances and orifice dimonslons;

6) Amenability £o cloanins practlces (complexity, eali-

bration, compatibility to solvents, el:c.);

7) Amenability to postassembly cleaning (after system
installation) ;

8) Reactivity of cleaning residues with system fluid;

9) Necessity of lubrication for satisfactory operation;

I0) Strength of positioning and aetuatln!, for(;es.

I£ is recognized that it may or may not be possible for the

designer to accuratel), predict the point at which contamination
will become a problem; he must, however, identify susceptible

features and stipulate measures to assure their integrity until

the end use. Whenever possible, proven standards of cleanliness
should be specified. Good communications between Design, Manu-

facturing, and Quality Control are essential.

Sxstem Requirements

Establishment of system cleanliness requirements are dependent

upon the function that the system performs. A system supplying

gaseous nitrogen for cooling spacecraft navigational equipment

must be much more carefully contro1_ed as compared to one supply-
ing hydraulic _luld for access platform actuation, or one provid-

ing deluge water. This usage also reflects upon component clean-
llness requirements, and those of the fluid itself. Attention

should be Riven to the following areas:

O0000001-TSBIO



15

|) Partlculat_ tol.t:ranco for t.h_, ond un¢_ of dt, liw:rabl_
l'[uld:_;

2) Practical e_tont to which flunhing or othec cluanin);
_q_,rali,,ll,_ cat1 bo app] iod.

3) Advisai_i. lity of cleaninr with spool pt.econ prior to
conipont.nt in,_Lal [at:t on;

4) Quality .f l lltrntton _,tluLpment availabla;

5) C,,mlp;lt:i_i_,n _I" contamination ,_unnitivity of nLmil.ar
H',' fi [ l'llll_

h) Rt'a_ttvlty of c[_,imln_ ru_Jdllun to _yFlt_in f[l_ld;

I) Prvnt,m'_,-f pol:_:n[_a] contam_nal:ion gfm_,ral_,r_;

8) l';l'l'_,el:of: tim ttyi_t(,m clt_anltn¢,f_lt It.col tm compon_,nt
r,,l iahll l,l y,

Fluid ny,-_lcnm rvqul_r_ c].eaninl; prl, or I'o ptacJ.n_4 the ay_l;om
Ili Ol_ur/il. loll; i|11d al,8o when the _y_t:o., ¢l_ani_n{_an lo, vol has e,x-
cuud_,,d ;Ipeci.lilcal:loll boVatlSq of conlpollOllt l'ai.]Jlro_ W_.Ir_ 01." bl,-
,anne uf t-he llitr_,(hlvtiOll o[ an Jnculnpnl:ll,le tlul, d. DOpolltl_,n_;, o11

the de_,ree and type o£ _mntamtnatt,,_ tht, re are t_o muth_da tt_at
LLIII I_e tiffed LO ¢]_+'all a ,qyStOI111

l) l_'ll.lshing wt.th a new working f]u'id I

2) Chemical cleaning,

a) Disassembly o[ the system and recleaning of all
individual components

h) In-place cleaning o£ the entire system.

l,'lushinp the systt, m with its own working fluid is punt.rally
tlw must ec.m,micnl and compatible means t,f system cleauLng,
particularly l',,r systems requiring less sift.gent cleantiness
It.vols. Fluid system Flushing is accoalplLshud by draining the
sysLt,m, replaci.g filter elements, and t;hcn flushing tht, system
_ith large quantities of- working £luid. This procedure is ac-
ceptable for the removal of loose particulate matter_ .but cannot
be used to dissolve and remove adhered and entrapped substances
because of the limited solubility of most contaminants in the
working fluids. Gross cleaning can be performed prior to assem-
bling the system, as can localized procedures to dissolve and
remove adhered or entrapped substances for which flushin B would
he ineffective.

l)isusseml_ly .£ a system and its components is expensive_ hut
s_,mvti,,t,s il i,_ ll_e only method by which the system can be fully
,' I eall_,d ,

I

=, l, , l, , - i l i lllIll ii i -i --- i • i i -- . .... •., _ _ , -
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In-place cle.aning is accomplished by flushtng or soaking the

s;,_tom with proper cleaning agvntsp followed by rlnalng, purging,

drying, and t_sting. Thi_ mothod has thv advantaRo of not re-

quiring disassembly and ruasaembly of tho system. It ha._ dis-
tinct disadvantagt_s associated with its inability to rnmove all

of the cleaning agents, cleaning fluids will bocom_ trapped in

voids and pockets, may cause stress corrosion, may be incompatible
with seals, materials, or th_}working fluid, and may leave real-

duos or films that may be a contaminant to th_ system or present
a i_a_,ardousreaction with the working flul.d.

F,luid Requiromcnts,

Fluid eleanltnoss rafo.rs to _lm condition of the fluid ht, ioro

|,_ is p_acud in m_rvicu; onca Lhv system has betm acttvtltad, it
£s no longer poaslhlt, t. dlstLngulnh tlm l?_.u:l.d from the aystem
In which it in control.ned. The, following factors should Im con-
Htdevod for untmt_d fluid:

1) Particttlatt_ requ£r_mongs of the system components;

2) Reaction of the fluid to construction materials

and cleaning agents;

3) Cost ,,t; cluaning tile fluid;

4) Accumulation of contaminants between the point of
manufacture and the point of usage.

5) S£1ting characteristics of the fluid;

6) Fluid susceptibility to che_llcal degradation;

7) Filtration capability of the using system.

It is very important to make the distinction that ne..._wfluid

is not necessarily clean fluid, Nearly all fluid procurement

specifications perml.c designated quantities of both particulate
and chemical contamination. New fluid requirements more stringent

than this can be -xtremely difficult and costly to attain. The

greatest simplicity and economy of system operation will be ac-

hieved by designing to existing fluid cleanliness specifications,
or even lower if at all possible.

Environmental Requirements

The environment within which a fluid system is required to

operate is a malor source oE contaminations yet the one over

whll'h tht' doslgnt, r o[ten has the least control; in fact, for ma-
_Ol' fluid svstt'||ls, cotupleto environmental control is not practical.
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It is common practice of course to clean and assemble components

in "clean rooms" or various other types of controlled environments;

it is even possible to clean system plumbing in this manner, if

relatively short lengths (and consequently many joints and in-

. creased leakage susceptibility) can be tolerated. However, these

clean components and pipe segments must finally be assembled in

, the field. Maintenance operations must be performed, samples

must be taken, and make-up fluid must be added. All of these op-

erations require that the system be opened to the atmosphere to

some extent, subjecting the system to airborne, generated, or

built-in contaminatoon. The designer can only specify procedures

that are aimed at reducing these deleterious effects to a minimum.

The following recommendations may be of help:

i) Use of plastic "hoods" or "tents" with a low internal

positive pressure will greatly reduce the entrance of

sand and dust when a component must be removed and re-

placed in the field;

2) Washing of open fittings with a suitable solvent im-

mediately prior to assembly;

3) Sparing use of thread lubricants. Teflon tape is

satisfactory if properly used. If too much tape is

used it will shred on the end of the fitting and be-

come a system contaminant;

4) Specify procedures for precautions and awareness during

sample taking, test equipment hookup, and make-up fluid

addition;

5) Prohibit maintenance operations insofar as possible

during rainy or windy weather, or while dlrt-producing

operations are being performed nearby.

Since the designer's ability to control the environment is

often limited, it is to his advantage to encourage and promote

training sessions or other educational techniques to acquaint op-

erational and maintenance personnel with specific areas of system

criticality regarding cleanliness. Personnel who will operate or

maintain the system should also receive Contamination ControI Cer-

tification. A much greater degree of cooperation can be antici-

pated when the underlying reasons for certain practices are well

understood by those concerned. Figures 7 and 8 show some of the

particle sizes and quantities that can be generated by the most

ordinary, everyday types of activities.

............ llmm " _"_ .... 2":......
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i i, L

Times Increase Over Ambient Levels for
Personnel Factors ParticLes 0. 2 to 50

i

Pt,rsonnel-Protective Clothing (Synthetic Fibers I

a. Brushing sleeve of uniform. I. 5 to 3

b. Stomping on floor - no shoe covering. I0 to 50

c. Stomping on floorwith shoe covering. 1.5 to 3

d. Removing handkerchieffrom pocket. 3 to 10

Personnel per se

a. Normal breath. None

b. Breath of smoker up to 20 minutes

after smoking. 2 to 5

c. Sneezing. 5 to 20

d. Rubbing skin on hands or face. 0 to 2

Personnel Movement

_. Gathering together 4 to 5 people at

one immediate location. 1.5 to 3

b. Normal walking. I. 2 to 2

c. Sitting quietly. 0 to 1.3

cL Dry box or enclosed box with absolute

filter - no activity. None

e. Dry box with hands inside. 0. 01
J

Figure 7 E£fects o£ Personnel

Activity Approximate Size (Microns)
• , .| i i

Crumpling or folding paper. 6§

Writing with ball point pen on ordinary paper. 20

Vinyl abraded by a wrench or similar tool. 8

Rubbing or abrading an ordinary painted surface. 90

Rubbing an epoxy painted surface. 40

Handling passivated metals such as fastening materials° 10

Seating screws. $0

Sliding metals surtaces (nonlubrtcated). _5

Belt drive. 30

Abrading the skin. 4

Soldering (60/40 rosin flux cored solder). 3

Oil smoke particles. 0. 1

Figure 8 Typical Sources of Particles
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CLEANING TECHNIQUES

Ordinarily, the designer's responsibility does not extend into

• the process area where cleaning agents are utilized and cleaning

methods are employed. However, a general working knowledge of

, these materials and processes is almost indispensable before in-

telligent decisions concerning product cleanliness can be made.

Therefore, a brief treatment of cleaning agents and methods fol-

lows; for a more complete discussion consult Reference 2.

Cle@nin_ A_ents

Surface contamination can be removed in many different ways

to suit various purposes. For e_omple, a metal part may be

wiped with a rag and considered visually clean; if it is to be

plated, however, further chemical cleaning will probably be neces-

sary; even ::hen a residual oxide film may exist which requires

an acid dip to create a condition of metallurgical cleanliness.

In the case of fluid systems and components, two main types

of cleaning are utilized: (i) shop or gross cleanup, and (2)

final or precision cleaning. Shop cleaning involves rough methods

such as grlt-blastlng, abrasive tumbling, pickling and descaling,

wire brushing, etc., and will not be given further treatment

here. Final or precision cleaning involves the use of various

chemical agents to remove the contaminant to a predetermlmed

level. Some of these agents are detergents, soaps, acid or alka-

line cleaners, solvents, or plain tap water. The choice of the

agent to be used depends on several factors, some of which are

important to satisfactory product function:

I) The agent must be capable of removing contaminants

by dissolving them or washing them away. The choice

of the cleaning agent must involve a knowledge of

the nature of the contaminant, as a specific agent is

required to remove a particular variety of soil;

2) The cleaning operation must not be detrimental to the

basic product material. This implies that all ma-

terials of construction must be positively identified

by the designer. Whenever possible, the agents should

be inhibited or stabilized to prevent the development

of corrosion along with the cleaning action. Proper

consideration of compatibility will prevent such

detrimental effects as tolerance reduction, hydrogen

embrittlement, stress corrosion, and elastomer de-

terioration;

-- _ . ,
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3) The a_ent must not leave film or residue on the s,_r-

face that may later react with the operational fluid;

4) The agent must be amenable to filtration or other

means of reducing its particulate count to a level

lower than that required for the product being cleaned;

5) Filr maximum economy, the agent should be reclaimable

to some degree.

Thoughtless use _f cleaning materials is an area of ne_IL_ence

that can result in poor system performance or even structural

failure. The designer should be thorou&hly familiar with all ma-

t_,rials and methods contained in any cleanliness speclfJcatio,

that he calls out, in addition to the particulate levels £hat It

requires (Figure 9).

C[eanlng Metllods

The manner in which a product is cleaned will depend to a

great degree on three factors: size, ease of disassembly, and

cleanliness level requirements. Throughout this discussion, [t

is important for the designer to remember that a particle count

of the final rinse is no_.._ta measure of the amount of contaminant

that may still reside in or on the product, but only a count of

the particles that come out in the sampling fluid. More atten-

tion should be given to the cleaning processes used to clean a

part than to a specific particle count.

Flushln K - This is the simplest method and is most often em-

ployed for tanks, accumulators, and piping. The cleaning agent

can be the operational fluid or a specific chemical; in either

case it must be filtered or otherwise cleaned to a more stringent

level than that required for the product. No disassembly of the

product is required for this type of cleanln[ operation. The

technique [s to introduce a specified amount of fluid into the

product and either allow it to pass out the other end, or drain

it back out of the inlet. Better cleaning will be realized if
the flush fluid is flowed at or above the flow rate that the

component will experience in actual operation. If necessary,
the process is repeated with fresh fluid each time until the re-

quired level of cleanliness is attained. If size permits, the

part can be agitated or vibrated to assist in loosening the con-

taminant. This method presents two distinct disadvantages: (1)

it is virtually impossible to ensure that all traces of liquid

cleaning agents are removed from the product, thus posing possi-

ble corrosive problems; (2) the cleaning agent may remove lubri-

cants that are necessary to successful operation of the product.

For these reasons, this method is most successfully used with the

system fluid as the flushing agent, and where relatively loose

particulate requirements exist,
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Precleaning Processes

NOTE

(1.) Symbols in the block denote a
recommended process for the
,_urface condition indicated, and
will normally be accomplished
tn consecutive order from left
to right.

*(2) Trtchloroethylene shall not be
used for cleaning elastomers.

I

Material Surface Condition

Aluminum, brass Bare or machined,
bronze, copper freeofheatoxidation

Anodized or chemical

filmcoating

Weld scale,corrosion,
or heatoxidation

Stainlesssteel Free ofscale

Weld scale,corroslon,
or heat oxidation

Carbon steel Free of scale

Weld scale, corrosion,
or heat oxidation

Non-metallic parts, As received
elastomers*

Electroplated As received
partsand dis-

. similar metals

Figure 9 Selection Chart for Cleaning Processes
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Detail Parts - Cleaning of detail parts is probably the most

common method employed for complex components. Hare, the product

Is completely disassembl_d and each detail part is individually

cleaned in the cleaning agent. Vibration, or ultrasonlcs will

again enhance tile cleanillg operation. Cleanliness verification

is accomplished with a filtered flush fluid. When performed in

a controlled environment, thi_ method is capable of attaining

stringent cleanliness levels. The detail parts can be thoroughly
vacuum or heat-drled to assure removal of all traces of the clean-

ing agent. This method also has two inherent disadvantages$
first all the individual clean detail parts must of course be re-

assembled and even though this operation t.s performed in a clean

r.om, contamination can be generated in many ways; screw fasteners

must be installed, lubrication must be applied, O-flags must be

Lnserted, etc. Thus, when the finished unit is completely reas-

sembled, there is no real assurance that the particulate count

remains acceptable. Secondly, most complex fluid components will

be required to pass an acceptance or functional test, after cLean-

ing, prior to leaving the manufacturer's facility. This obvLously
means hookup to a test bench and flowing of a test fluid. It is

here that many components are contaminated far beyond the allow-
able limits established by the designer, unless adequate filtra-

tion is applied to the test fluid. Unless thorough attention is

paid to all steps of the operation through assembly, test, and

pa_kaging, all the effort expended on cleaning the product may
be voided.

Ultrasonic Cleaning - This is accomplished by immersing the

part to be cleaned in a solvent solution that has a specific

sonic energy applied to the solvent bath by transducers mounted

in the cleaning tank. The sonic energy produces cavitation on

the surface of the part that will loosen the contaminant. This

method offers a distinct advantage in that it is capable of re-

moving contaminant from crevices and blind areas. It is generally

performed in a controlled area adjacent to the clean room and

requires special equipment and trained operators. It is capable

o_ damaging or destroying fragile equipment. Many different

cleaning agents can be employed, along with varying temperatures

and energy input levels. For a very complete description of this

process, the reader in directed to Reference 2.

Vapor Degreaslng Equipment - This is often used on parts that

contain stubborn films or tightly adhered contaminants that would

be difficult to remove by hand. Like ultrasonics, it is ordi-

narily used prior to the final detailed rinse if stringent clean-

liness levels exist. It is not used in a clean room. Again, a

large variety of cleaning agents may be used (Reference 2)°
P

....................... - .... , ...... rr
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The deail,ner should rtote that many of. the agents ust_d in the

proce,_,nesde,_cribed above present hazard or toMiclty probl_mn,

_ome uf which are quite substantial. Spociflct_tion of a particu-

lar agent may require safety procedures calling for spocial equip-
• u_,,ntor s4gnlficant facility alterations. Thus, the design ac-

tivlty should not randomly call for specific _gents without duo

, consideration of existing facillt?l capability.
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FILTRATION

From the foregoing discussions it is obvious that: sufficient

anomalies exist in system cleaning technique8 and the verification

(,f cleanliness to preclude sole reliance on these methods for op-
eratlonn] rellabilLLy. Good design practice therefore includes

thoughtful provls[on of filtering devices in both liquid and gas-

, c,ous systems. Filters in a system do present some limitations

such as pressure drop and the requirement for maintenance of the

filter o]._ments. It is also possible for an inadsquately de-

signed or malnta_ned filter to render a sysl:em inoperative by
cl_%ging and suhsequent rupture of the element. Nev_,rtheless,

ffltration i_ the best moans of achieving rellabl_ operation of

¢rltJcal fluid systems. The systems designer should the_refore

become familiar with the varlou_ ty_es el: filtratlon equipment

available and utilize it to advantage in satisfying the contami-
nation control requirement, of his product. The followln_ din-

cussion highlights the most pertinent factors Lo be considered
for meaningful fJltrat_.on.

Ra t in R Te rm i nolo_,v

Filters are rated or classified according to the size in mi-
crons of the largest particle they will pass (or conversely, the

smallest particle they will retain). Thus, a lO-mlcron filter
will theoretically retain all particulate matter 10 microns in

size and larger. Somewhat complicating this definition is the

fac_ =hat two rating figures are sometimes presented; nominal
and ahsolute. The absolute rating is the diameter in microns of

the largest spherical particle that the filter will pass. Noml-

hal ratings are generally interpreted as meaning the minimum size

to which 9_ of particulate removal may be expected. The termi-

nology "nominal rating" has often been misinterpreted and now

the trend is generally towards only specifying an "absolute rat-

ing". Another fact to consider is that the general industry

practice is to rate filters based on liquids as the working fluid.
A given filter element will trap particles down to a smaller size

when the flowing medium is gaseous. (At least one manufacturer

rates each of its elements according to liquid or gaseous ser-
vice).

Filtration Techniques

Since rating implies particle size, it iS thus interrelated

to the definition of particle size. Since the vast majority of

particulate matter is irregularly shaped, it becomes apparent

•- ,_.---_-,-- JlIlU It Ill i l

• . _ l .................. . ......... 'i
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t-lint a tllt,,r may indeed pans particles, and especially fibers,
which are _argor In one or two of the dtmensionn than the abso-

lute ratin_, of the filter. Thc_ determining factor is the orien-
tation of the particle at the time it meets the filter, which of
course Is purely random. This effect is most noticeable on _X-

fac&o type fltters, wherein filtration is accomplished by impinge-
ment and retention of the particulate on a matrix of pores or

opening on a single plane. To combat this effect, dephh-typo
filters have been developed which, as the name implies, present
a matrix of pores in aeries. Filtration occurs not only at: the
surface, but throughout the thickness of thv media that pronent_
a tortuous, circtlftuous p_th.

Thont_ two ill,rat:ion techniques, surface and depth, each of-
f_,r various advantages and disadvantages concerning such fact,rs

as pressure drop, cleanabillty, dlrt-holdlng ability, efficleucy_
collapse pressure, media migration, maintainability, and cont.

Due _o the wlde variety el equipment available, it in highly rec-

ommended that filter manufacturers be contacted during the de-

si_,n phase for assistance in technique and media selection.

Filter Media Descr_Iption

The material from which the filter element is made is known

as the media. Many different materiels and construction tech-

niques are available to meet various system requirements; some

of these are pictured in Figures I0 and iI. A description of the

major types is presented below. '

I) Woven wire mesh is produced on a loom in the same

manner as conventional cloth materials. The opening
is a square pattern and presents a straight-through

path to the fluid. Twilled weaves (Dutch twill)

that present a more circultous path to the fluid
are also avaltable. These media are of the surface

type. Since there is no mechanical bond between points
of w_re intersection, the mesh may distort and allow

random passage of large particles. Initial cleanli-
ness is difficult to obtain because contaminants are

woven right into the mesh if not eliminated prior to
manufacture. These contaminants will continually

• work loose (migrate) during the llfe of the element.

The weave may also be slntered.

• 2) Wound wire mesh is similar to woven wire except that

the cloth is formed by helically cross-winding wire
on a mandrel. The wires are then sintered and the
cloth is removed from the mandrel and either retained

........ -- - in .... i ......... i --i1_ I ..... ". ..........
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WA_HIR

("ftlf_JOfP IIIRII_N CYLIND[R _ CRQ$__i.CTION C(")iIR

[dKe FIItor_ Dutch Twill Woavo Wire Cloth
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MEDIA

SHEET

MEDIA

CYLINDRICALON CORRUGAteD CORRUGATED
SUPPORTINGMANDREL - INTERNALMANDREL - INTERNALAND

EXTERNALMANDREl.

Woven Ikluere Mitlh Wire Cloth tUBULAR

Woundwlre M_.et_

Ftdure 10 Metallic Filt¢- Media
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• " ']":;;/'ll.'I/":;'

I_lntor_dPorn.s M_tal Filter .Cnrhposttn81ntorodPoro.s Motol with Wlrn
M01rl

DISC M|DIA CONVOLUT|D J._-

DISC MEDIA ,_ .,_•_' _.

CYilt101t| ¢OIII_JOAIIEI)CYLIN[_I

M4mbraneFilter PressedP,per or Rbet Rlter

CYLINDER ASSEMBLY CONVOLUTED CY LINDEA
ASSEMBLY

Etched DiscFilter

. Fisure }I Filter Element Design and Haterlal
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in cylindrical form or slit into sheet. Thes_ media

arm essentially of the surface type but do present

some depth and are less liable to distort. Migration

problems are similar to those of woven cloth,

3) Sintered metal filters are manufactured in a wide

variety of forms by sintering a solid block of me-
tallic powder. Bonding and structural strength may

vary from poor to good. Initial cleanliness is d£f-

flcult to attain and migration cannot be totally

eliminated, _ven by plating. This is a depth-type
_lement.

4) Composite sint_red metal and wire cloth _lements

hav_ been developed to obtain the depth characteris-

tics of sint_red metal while using the wlr_ mesh as

a backup to help _educe migration. Zt has been

found, however, _hat initial cleanliness is quite

poor and that migration from the metal/wire inter-

face can be quite severe.

5) Edge filters are formed from stacked porous washers
or from ribbon wound to form a hollow cylinder. The

stack is mechanically compressed so that pore size
will not vary. This is a surface-type element. Good
initial cleanliness can be attained, and media mi-

gration is low. Size and weight can become excessive

for some design applications.

6) Etched disk filters are similar to edge types ex-

cept that each washer has one face chemically etched

to create an intricate flow path, thus creating a
depth filter. Initial cleanliness and migration

characteristics are both quite good. Size and weight
can be excessive.

7) Pressed paper or matted fibers are available in such
forms as cylinders, discs, and corrugated shapes.
Wide variation may exist in pore size and structural
properties. Initial cleanliness is difficult to at-

tain and migration will be present. Depth is pre-
sent only to a limited degree.

8) Microcellular plastic filters are most often used

for sampling apparatus and for filtering cleaning

agents. They are surface-type filters consisting

of a thin porous membrane wherein the size of the

capillary pores can be quite closely controlled.

Some available materials are cellulose esters, ny-

lon, polyvinyl chloride and epoxy. Such membranes

.h.
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are presently available down to the extraordinarily
small size of 0.01 ± 0.002 micron and are used in

sterilization applications. Initial cleanliness and

migration tendencies are reported to be excellent.

These are not generally available in sizes adequate

for large continuous system flow applications.

t

Any selection of media material should be carefully scrutinized

for compatlbllity with the operational fluid and with anticipated

cleaning agents. The most common media cleaning techniques (where

cleaning capability exists) are back flushing and ultrasonic.

Filter Case Design

The success or failure of a fluid filter depends to a large

extent on the case design, primarily in the method of sealing the

upstream face of the element from the downstream side. Any leak-

age across this interface will defeat the purpose of the filter.

This interface is ordinarily a design feature of the various man-

ufacturers, so that the system designer has a choice, but very

little control. There are other design features, however, (Fig-

ure 12) that are often offered as options which may have applica-

bility in certain places and should receive consideration by the

system designer:

I) Dual-element filters consist of two elements of dif-

ferent ratings, one within the other, either of which

is removable. A common rating for hydraulic service

is 3 m_cronB primary and 15 microns secondary (abso-

lute). The major advantage of this configuration is

that the primary element can be removed and replaced

without disturbing the secondary element; thus, the

system is not subjected to the atmosphere during fil-

ter maintenance. The secondary element is always

functioning and provides redundancy in filtration.

2) Differential pressure indicators are available in the

form of a colored button of some sort that pops up
when the dirt accumulation on the element creates a

pressure drop of a predetermined value across the

filter. Such a device is a useful aid to maintenance

procedures in systems that may see large amounts of

contamination. They may be used, for example, down-

stream of a known contamination generator such as a

hydraulic pump. It is possible for these devices to

give a false indication, particularly in systems which

may see short, severe pressure sarges. If pressure

indicators are used as a primary indication for filter
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element replacement, the filter should be designed

• with sufficient margin between the __,P [ndication and

element collapse or failure. This margin should be

sufficient to allow one full operation of tile system

after the AP indication. Strlnger.t inspection controls

are necessary if sole responsibility for performance

, is placed upon the indicator, rather than a periodic

scheduled replacement of the filter element.

3) Bypass loops that route the system fluid around the

filter if It should become clogged to a specified de-

gree are available from most manufacturers. This

feature essentially removes filtration capability

from the system, and should be used only [n connec-

tion with components of such criticality that function

must be ma[ntalned. The theory is that short-term

operation wit|, dirty fluid is better than no operation

due to fluid starvation, or collapse of the filter

element.

When incorporating a filter into a system, the designer must
assure that the element structure and methods of a_tachment to

the case are adequate to withstand the most severe anticipated

conditions of pressure, surges, two-phase flow, etc. Migrating

portions of filter media have often been the cause of severe

mechanical damage to downstream components. Consideration may be

given to procurement of components with built-ln filtration capa-

bility, or to small filters that are adaptable to plumbing fit-

tings such as unions and adapters. Cautio, should be exercised _'
when usln_ small filter elements. Because "of their size limita-

tions, the filter area is very small. If the component sees

large quantities of fluid or excessive levels of contamination,

the filters will load up quickly and will collapse and migrate

downstream. Another problem associated wlth component filters

and fitting screens is that they are seldom maintained or cleaned.

Accessibility for element changeout must be considered from

the maintenance viewpoint; space limitations may even dictate

case design. In-line filters installed in hard pipe installations

present a problem when maintaining the filter or replacing ele-

ments. Again, when writing fil_er specificat£ons, it is recom-

mended that vendor cooperation be invited, and that careful accept-

ance test requirements be included. The simplest possible case

designs are to be recommended for ease of cleaning.

,r . , ................ , ...........
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CONSIDERATIONS IN DESIGN

After functional design parameters and material compatibility,
probably the most important design consideration for fluid com-
ponents and systems is contamination control. It is within the

designer's province to determine and correct the factors that

lead to contamination problems. A few of the items to be con-

sidered includ_ materials, flnlshesp manufacturing processes,
clearances, and other physical features. Some specific recom-

mendatlons are presented in the following paragraphs.

Components

Although component design is a critical factor with respect
to contamination control, the system designer must exhibit aware-

hess if he is to make intelligent component selections to meet

the required system parameters. When evaluating components to
mc.et system specifications, the following design practices should
receive particular attention:

i) Design components so that they will accept large

amounts of contamination and still meet their per-
formance requirements ;

2) Maintain large flow areas through components, par-

ticularly through poppet valves and main sealing

surfaces, to reduce fluid velocities and subsequent
erosion;

3) Orifice diameters should be held to approximately

800 microns (0.030 in.) minimum. Holes or passages
of this size, when used with adequate filtration

equipment, should not present any real problem due
to particulate matter;

4) I£ functional requirements demand orifices smaller

than 0.030 inch, then consideration should be given

to the use of two or more orifices in series, or flow
I!

limiting devices such as "visco-Jets, to achieve the

required pressure or flow as a step-functlon;

5) Orifice diameters should be no less than one-half the

largest particle diameter expected in the system, A

more conservative approach would require orifice

diameters larger than the largest particle diameter
expected in the system;
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6) Orifices should be constructed from hard metals
because m_Lerlals such as aluminum will erode on

the inlet edge and particles will gouge out the in-

side diameter, changing the flow characteristics of

the orifice and generating metal particles downstream;

7) Clearances should be maintained as wide as possible,

with very close scrutiny given to any requirement for

less than 0.005 inch (127 microns). Provision of

loose clearances not only decreases the sensitivity

of the part to contaminatlonj but decreases its capa-
billty as a generator, thus favorably affecting [ur-

ther downstream components;

8) Where tight clearances must be provided (0.001 inch

or less), consideration should be given Co providing

a slight taper on the part that widens in the down-
stream direction; this has been found to be beneficial

in alleviation of stiction and silting probl_ms;

9) Where clearances of less than 0.001 inch are necessary,

close attention must be paid to cleanliness levels,

and filtration equipment type and location;

I0) Specify fine surface finishes on parts that must slide
against each other. A finish of 8-16 micro inches is
recommended• Finishes better than this will not re-

tain oil which is necessary for lubrication;

Ii) All of the forces (both fluid and mechanical) on moving
parts should be balanced to minimize friction and

wear;

12) Design valve actions with quick-openlng areas to pre-

vent instability, throttling, and high seac veloci-

* ties• (This is not applicable to gaseous oxygen
systems due to heat-of-compresslon effects.);

13) Direct the flow stream away from critical sliding
surfaces. Particles will impinge into the clearance

between mating parts and will cause galling or wear;

14) Avoid direct impingement of the flow stream on metal-0

llc diaphragms and bellows. Pa_tlcles in the flow

stream will erode the surface;
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15) Mc_chanical or electrical actuating forces applied tc

sliding mechanisms should be made as strong as pos-
sible within reasonable limitations. Any force that

is nmrginal with respect to functional requirements

will be susceptible to stietlon or siltlng problems.
Since the fine particulate tl_at brings about silting

conditions is not easily dealt with by individual

filtration, the provision of adequate positioning

forces in tlght-clearance applications becomes of

prlmu importance;

16) Design internal component filters with ample screen

area. The screen must be firmly a_tached with backup

support to prevent breakaway, rupture, or collapse
of the filter screen;

17) Those surfaces of components that will be in contact

with tileoperational fluid should be free from

crevices, blind holes and threads which all tend to

act as dirt traps. They are difficult to clean, and
the collected contamination will continually be re-

leased as pressures and flows fluctuate;

18) Cylinders, with rods exposed to the environment,
should include environmental "boots" to protect

against rod corrosion and subsequent rod seal fail-

ures;

19) Avoid plating of springs or other parts sub_ect to ,_
torsional stress in order to avoid flaking of the

coating;

20) Use resilient elastomers for seat materials. Re-

silient materials will deflect particles and will not

erode as will metal seats. Soft seats will compen-

sate for scratches end imbedded particles;

21) Restrain seals on three si_es to prevent cold flow,

which will decrease clearances on sliding parts.

Decreased clearances result in wear and generated

contamination;

22) Particular attention should be applied to O-rlng

groove design. Nibbled O-rings_ because of wear 9

rollingsj spiraling_ or pressure pulsatlons_ become
contaminant;

23) Eliminate sharp edges and threads on leading edges

to eliminate O-rlng damage upon assembly. Chips of

" O-riilgs become generated contaminant to downstream

components;
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24) Eas.re tlmt O-rings do not contain lamination defects
or t.no]usions that will result in nibbled O-_.inys with
:;ub,,-_equ{_nt downstream contmnination;

, 25) PLace yasket:; and seals ,m as to present a minimum

contact area to the working fluid;

2(0 Chlorinated solvents (cleaning [luids) trapped in the

voids of a component may cause stress corrosion;

27) Minimize the use of lubricants in pneumatic componeuL;_.
Particlc,g readily adherc_ ko lubricant films and re-

sult in ;m abras:[va mixture;

28) Use lubrlcants sp_rlngly in pneumatic systelns. Many
lubricants, [mrtlcul.arly thot;_ with a teflon base,
dry out and become dry particle contaminants;

29) El£miuatc f_ather edges, sharp corners, and othtr

delicate features thaL are susceptible to fatigue

from flow oscillations or failure upon assembly;

30) Design flow paths with gradual enlargem_.nts and con-

tractions. Sudden changes ill the area will act as

!,article traps;

31) Disassembly and reassembly, capability is necessary
for ease of cleaning;

32) Screw-type fasteners or other partlcle-generatlng

connectors and devices should be minimized;

33) Design with flow-through flushing capability in mind;

34) Flow-through Bourdon tubes can be obtained for pres-

sure gages where trapped cleaning agents may promote

corrosion; these have a removable plug in the free
end ;

35) Eliminate blind holes which become contaminant traps;

36) Avoid the use of bellows of convoluted sections which

_re difficult to clean;

37) Sand cast holes and surfaces should be avoided, as

should any other surface structure that will generate
particles;

38) Convoluted hoses are difficult to clean initially and

will trap particles, generating large quantities of
con taminant during operation.

...... i , , .... i " "IFII ......... -'_
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blanufacLuJJu_ Pr[,cess[,n

At. tc, ntif,n t_, +P,Jal] detaJ.]+s d.ring the maflulacturu t_f CUml+c,nents
l C,ql] r[_dulct' l)lli].t'lll contamination from this primary B(Itlr(_(2, $_'_|I10

_,,mm_,n rut._,mm_ndation8 tu cc,nsld_r durin_ ma_,uIncturu are:

l) Carafe,fly deburr each d_I_ail part;

2) Cl_an each du_all part with ultrasonics or vapor dc+.-

gruaslng to r,:IIlOVOcuttin}_, oils, l;*ppilI)%COlIlpOqlldI_,

Illold ruleas,., rc'flidLIt,.s, dyt,/], a,ld otl..,r lIIIcll Prod,lets;

3) ProI,ll+it thu uq_q el: g]as. balls ;.+ a grIl,d[llg or

lappin_ com|.ul,ld. Tlluy arc, dil I£cult to r_:movu Iroi,|

Lhu COlllponul, l:, a**d are parl:i_ul.arly <lutri,lunla) to
c]+ost+ fltf:iny parts;

4) Physically locate all el,can rooms and cotltrollud t,n-

vironm¢:ntal areas away lirom the, manufacturjtlg Ol>ura-

tious ;

5) Brazing processes will generate .,unall20-micron par-

titles;

6) Heat-treat, weld, or braze prior to final .mchlnlng

operations in order to avoid oxide formation;

7) Avoid sand castings. Core molding materials ar_, dif-

ficult to remove, and the snmll inclusions in the

casting cannot be cleaned efficiently;

8) Utilize plastic bagging during manufacture, but avoid

the use of preservatives and coatings such as Cosmolunu;

9) if at all possible, avoid the necessity for clea. ing

of the finished article by an outside agency, prl-

marily because this means additional disassembly/

ruassembly/tust operations with att_,ndant contamina-

tion potential. Component integrity may be, degraded

because of reassembly by personnel unfamiliar wit|,

the function of the article, unequipFed with necessary

tooling, and unresponsive to immediate control by the

design activity;

I0) Avoid joining techniques that preclude cleaning of

the detailed part or assembly after the previous .mnu-

facturlng process;

I]) Prohibit thL, use of patching materials on Jilter ele-

me n ts ;

+.+

...... i,, i i
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' 12) Whnn using ultra_onlc cleaning, analyge the energy

lew:.Is being used to prevent deterioration of the

product being cleaned;
t

13) After final cloaning, parts or compon_nt_ _hould be

packaged in hoat-s_aled double plastic bags, to e_-

sure cleanliness of parts. Redundant> i_ plaatlc

bag_ is required should the bag become punctured
during handling;

14) When chomlcal cle_nlng i_ required, clean each p_l't
at its lowest deta_l level. Cleanlinaa_ cannot

alway_ be a_compl£shad at the system lOv_.l wIEhout

first cleaning _he detall par_8,

Materials

Proper choice of matertal_ mu_t be made with respect to con-
tamination suscepti.bil£ty, as well as functional capability, and
£_ closely related to acceptable manufacturing processes. Such

an abundance of materials exist, both metallic and nm_metalllc,

that an intelligent choice may require the assistance of a

upccialist in the field, especially on products for which llttl(:

past cxpuri_nce exists within the design activity. Oue of the

most important aspects, as discussed earlier, involves compati-

billty not only with the operational fluid, but with anticipated
cleaning agents. Certain other aspects that should receive con-
s£deratlon follow:

I) General use of stainless steel is recorume[tded in parts
that will be subjected to long periods of idleness or
that may be susceptible to internal moisture conden-

sation during shelf storage;

2) Soft or stringy packings should not be us_.d for valve

stem seals, etc, as these materials will be gradually

deposited in the fluid stream;

3) Choose dissimilar metals for wear points to avoid

galling problems and specify adequate hardness levels

to minimize the amount of generated contam_uatlon;

4) When using dissimilar metals, be aware of galvanic

corrosion potential as some fluids and clcanlng agents

• tent to accelerate galvanic corrosion;

5) Alu_alnum castings tend to shed large quantities of

particles in the 3-micron range. In general, aJumlnum

surfaces that will be in contact with the operational
fluid should be anodized;

,.., , .
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6) C:_dmium, zil.t, and till plating tend to flal'e or ._crapu

_,a._ily, _lar'._ chl;omium plating Iv _l_n_e|)tib|_to

t,lt[;m, who. ,;f,pliedto parts lhat may undergo slight
dul'armatL_m.g dJri_>; service;

/) Rubber Im:_L':_ sh_..:id be avoided as they aru difficult
Lo clo:lll illit:lall',', oltt'll COllttlill lnoldin_, ro.5.'idtloH,

alld it!lid to contillllal]y sho,I ;ill|all pa?tll-'lts dtlriflg

l]_,:¢urc., Toll.oil is a moru. dusirable r_atarial, ruin-

furc_:,d with ._tntnless steal br;lid if iwcus_ary;

g) AvoLd iIH' ii_ic, of c,,rallliC lnaturial.s, l.,arttctllarly tho_a
wif Ii ,im_l.nz_d slll_l-ac¢_,,, ,_tl_ll _;urfaco.a aall i_hud :_mall

vc,/_,, Ilard i)arl:ic]uH lhal Call r_i,,l.t [n abr,lniw., _I;HI_I_;.;

it) (;()lllllf)lll'lll-ll Lhat art_ klUlWll LI} I11' COlltllllllll,_llt]llll };l'lll'l¢il"

I:OI_S _ _Hch aH llydl:aul _.e pump_, ;_hould 1}u _.t) Jt:_l ,-,d t.

il Yllll'_I_ Ot" brC'_l_'_ll perJ.od ot opt:_l_l, Oll ilrioE Lo

I_htpmunt, Tht, tuchn£quu £_ v(;ry buno.ftct.al LI1 tirol;
I|lll_h Of L}II' l.ni_lal )_t,ll_|:tlttoll t)lr W_¢l_ alia tl|lr;lsioll

l_r_(lu¢,,t:_ wl. ll tak_, pl:a(;¢' on, and l)u r_,Inow,d l_y_ ;,
If;It :iltllllll l,'tlthul.' t:Imn t, ccur liar.or when khe corn-

pluto, l;y_It.{!m l,,,i Jill:st r)].tlt_od in Ol)eral;/on. '.rhu ¢'om-
portent: '._hould b_ _[uanvd or flu_hud aftu_ l h£s op_ra-
tion.

:ivs_t t_,_s Des £_:n

The role of the systems deslgm._ with respect tO contam_natlon

control must bu reentered prlmar£iy on the ctbil£ty to nmtn_ain a
gi,,en cleanliness level by glv£ng proper consideration to the

locatloI{"of components_ circuit conflguratlons_ assembly methods

types of joints and flt_%ngs_ and analysis of system contamination

:_urc_s. Som¢_ of tilemore important practi_es covering these
concepts are:

i) Make provisions for system blow-thr_.ugh_ purge_ or
r¢,clrculation capability. It is difficult to ensure

a degree, of cleanlin_ss in a system co_talnlng numet'ous

dead-ended legs. These can probably never be ellm-

in:_tud completely_ but the pr£t_mry flow path should

b_. provided with return capability. Also_ provisions

can ol.tun bu made for bypass loop_ or temporary
jumpers to be used only during maintenance actlvit_es;

.......... '_ _ -" I I'_1.... ]" l'i II-_ _'_:"" r iii i "iiii ............ _._._i

L . ~_...... ---
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2) Reeommnnded [£1tratlon for hydraulic _yt_tem_ mhoutd

includn a course (25 to 150 microns) aump inlet _upply

filtnr, 15-1nitros filterm prior to pump_ _hat have

elope clearanc_ and iS-micron filtmrm afto.r the
pump. If: th,_. dlntancu from Chn pump to th_ ny_tmn
componmltn in long ur complex, additional l_i]t_atlon

(15 mieronm) is required prior to the system components.
Critical components in tim _yntem nmy _nqulr_ addi-
tional f_]tration. The flui_ added tO ttlo r¢_n_.rw_tr

nhould ha filtorL,d to 3 mlcron_;

3) In roeireula_kng tlyI_t¢'mn,11f_oroturu-lJ.,io liltratlOll,

Largv _ap0c_ty_ low nlicron_ra_ed [_Itor_ can mmally

Im ut_o,d n_nc_, pretmur_,n are low and preset.ire drop t,_
I1o_ critic's], Such f_.],t(wr_ prowull, gono_ltml eon-

_am_naul',,_ from bO,ll W rv_e_rcul.at_ad t:hrou_h t:he By_ltt, llll;,
thus aalvvta,,:£ng wvar and abran£on prohlumt_;

4) Pt_eumati¢ l;yut:uuut nl_ould buft, lterud (10 t'o 2ti m_cr, Ollll)

p1:tor to 111. ntora_.,, tank, dowm_truam of _lle storagv
tank, aud prior' to thv _yuet,m eOmlmltVnt_-;. Ad,l£ttonal

t, ilt'.raf..io|t nlay be required for critical component,_,
vohi¢iv ltlt erl_aces, tlownutream of compro_sors_ or at

strategic points in tim syste.m if the sy,_teu, is large
o1" complux;

5) Provide acces.q£ble drains at the low points ot' a
liquid system to t{acLli_ate r_tuoval of contaminated

fl_:£d and improve flushing capability;

6) Streamline the plumbing runs as much as possible and
try to avoid the use of adapters and reducers. Un-
neeessaxy betads, loops, and othrr discontinuities in
the plumbing tend to trap particles or increase
settling cendeneles;

7) Avoid the use of pipe threads and thread lubricants.

Teflon tape with the wrap starting 2 to 3 threads

from the end has been found to be very satlsfactory;

8) Minlmi_u vibration and shock, partieulnrly around

Jilters. Energy introduced into a system materially

" inCreases the mlgrat£on of pa_ti¢l_as from all types

of contaminant traps, and is often purposely used
duriug cleaning operations to enhance the process;

9) Adequate l:iltration £S the best means of maintaining
svsl.em clcalt [Itless;
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10) l_,_.dtlcud J_low r;tl.ut+ _+houh.I 1_+-,L+mploy_d d_l:inp, the
J,_Lt:L'll ,.,+l_art-up of. a sy.'+ttml to pro-v_nt _ro_Lorl and

colil:alnJAial:iOl+ f,'lilLllCes, AlLele i.nitial assembly and

d_irlny the initial run-in, the _ystum wL!l gen_wally

h_, el: its hih'hest contaminatJ_on level;

1]) ll),drau].h_ syst,.ms should be designed with closed

ru;_ervoir,_, AtluOSpl|eric moisture may cause condense-

l loll slid attendont corrosion problems, co|it_-il,ute to

l luid do_radati_m, or uilnply impa£_ _he pu_i_y o£

lll_,w,,rl<].iU.,,J'].uld. Viable _ryanlsms will grow 111

llydral,].ic oil that col11:ains only a _mall amount ol_
vp.',ter ;

_2) When a_si_nill}_ c_o.an_J,110ss IC'V_,8, COSt; _ffoc£1von_ss

t_houid be opt_mi_ed. CIc,anl:l.noss [ovo|,s for the on-

I J.rt' ll_/tltl,lll I_H_H_,d1101' ]]_, all SLl'J.rlgO, llt as LI|aL required

lul: lID,, _,-I pO;Lnt- 0]_ Ll_, _lyl_t:C,ln i£ I Lll:]_'al:Lon l_ u_ed;

13) 11.4¢-,_ and di.4con_ecl:_ will gun_raC_ la_g_ quau_LLLe8
,_l' colll:alllJ, l|altL. U_I(; l'ill:ral'iorl downstroam o£ thvse

( I)IIil}011t_11t II ;

].4) Haln_ain l,Oaltivc,,pre_mire on _he system at all _Imus

Io pt'eclu¢le coutamination from th_ a_mospher_; '

15) l",vephydraulic components and seals in a "wu_" condl-

t loll tO keep the elastomers from drying out;

16) ])cslgn a system with conside_'atlon to atmospherle

_ondi£ions such as launch-stand water deluge, sand-

hlas£1ng, salt, humidity, wind, and wash down of com-

ponents with high pressure water hoses;

17) Never back-flush a filter during system operation as
the contaminant collected on the inlet of the filter

will be distributed to the system as one gross slug

of contamlnant;

18) EJ.iminate air from liquid systems. Pockets of air

lucluded in, or in front of, a liquid head will pro-

duce Very high velocities across valve seats with

possiblu erosion o£ the seats;

19) ]I" a gas is used to purge, sample, or _o perform a

lunctional check of a system designed for liquid

service, maintain low flow velocities;

20) When chemically cleaning large pipe distribution sys-

t_:ms, use spool pluces in place of the components.

Install clean components after the system piping is

c Leaued ;
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' 23) Cylinders and other reservoirs are substantial con-

taminant traps. Provisions for draining and flushing

v of such items are necessary;

22) P_trge or maintain a positive pressure within elec-

trical enclosures to prevent corrosion due to atmos-

pheric moisture and salt laden air;

23) Protect critical components by filters immediately

upstream of tile component, or as an integral part of

the component. The amount of contamination in the

system will determine the filter size and thus the

location and type of filter.

M_%ntenance Considerations

The age-old plea to design with maintenance in mind becomes

even more pertinent when contamination control must play an im-

portant role in the successful operation of a system. Specific

_lintenance provisions and schedules must be established if a

particular cleanliness level is to be maintained. It is generally

recommended that the system must never be entered into for any

purpose except for replacement of a failed component. Equipment

and ports necessary for any other purpose must be specifically
provided. The following are some of the more important functions
that should receive careful consideration:

i) System sampling is necessary in order to determine
the cleanliness level of _n operating system and to

establish controls necessary to maintaln cleanliness;

2) The number, location, and type of sampling ports must

be carefully determined, with _articular emphasis on

accessibility and convenience;

3) A training program is recommended to make technicians

aware of the importance and requirements of cleanli-

ness control;

4) Sample reliability is susceptible to many variables

even under _ptimum physical conditions in the field.

, Sample analysis by a manual count with microscopic

techniques cannot be considered to be better than

+--30%accurate between different personnel;

5) Provide sufficient space for ease of filter element

changeout. Use dual element filtration equipment

where especially critical components are of concern,

thus avoiding system exposure to ambient conditions;

. . _ ............................ ""-i" l" i _ "1ii iii _ i ....
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6) Establish realistic schedules for filter maintenance.

Initially, schedules should be based upon an analysis

of the clean]iness level specifications. Schedules

may then be adjusted after the system is in operation

and operating experience is gained on the amount of =
actual fi]ter loading. Schedules should include a

margin of safety;

7) Specify depth-type filters where possible to reduce

maintenance requirements. Consider the use of filter

bypass loops to facilitate service and testing opera-

tions;

8) Do not perform any field disassembly of cleaned com-

ponents. These should be bagged and sealed imme-

diately upon removal from the system plumbing, and

transported to a clean environmental area for analysis;

9) When very clean conditions are required, or when en-

vironmental conditions are poor, a portable plastic

tent with low internal positive pressure capability
is recommended to help preserve system integrity when

component removal must be performed. Safety consider-

ations require that air be the pressurant;

I0) Component ports and open plumbing ports should be

immediately capped or plugged. The use of plastic

caps is not advised, since they tend to shed par-
ticles upon being installed;

Ii) The use of lubricants should be carefully controlled.

Only the first three threaos of a fitting should be

lubricated. Teflon tape is recommended instead of
lubricants;

12) When known contamination generators are replaced be-

cause of wear and subsequent deterioration of per-
formance, further attention must be given to the
entire system since the contamination that has been
generated has undoubtedly been distributed far down-

stream. Thorough system fluid analysis should be

performed, and adequate system flushing, and subse-

quent filter element replacement must be accomplished

to return the complete system to an acceptable clean-

[iness level. Only clean, bagged, and sealed com-

ponents should be reassembled into the system;
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]3) A bubble-point check should be performed on filter
elements to ensure filtration _:ffectiveness of the

, eIc.meut. 'l:hischeck should be made after the element

|.s manufactured and following any cleaning operations;

14) Identical or similar components should be cleaned at

one time to amortize the setup costs for cleaning.

Setup costs are the same for one component or [or

several components;

] 5) Open fittings should be cleaned with a suitable sol-

vent immediately prior to assembly;

16) Specific procedures should be implemented for sample

taking, test equipment hookup, and make-up fluid

add it ion;

17) Maintenance operations should be prohibited insofar as

possible during rainy or windy weather, or while dirt-

producing operations are being performed nearby;

18) The first replacement of filter elements should occur

just after initial run-in of the system, since the

major contaminant accumulation will occur during this

per iod.

............. _ :.= . ........................... _,".............. ,......... ,i&_'_- "- :-': " , "_'i ...........
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OPEKATJ.ONAL PKACT1CES

Consideration for contamination control must not stop with

the design and installation phases of a fluid system. The third

aspect that must not be neglected is the manner in which the sys-
tem is opurated. Unless knowledgeable and attentive procedures

are followed, any clean system will very quickly fall out of

specification. Operating procedures should be prepared by the
design activity and contain the following requirements as a min-
imum.

Initial System Operation

The first service t_at a fluid system normally sees after

installation is a validation operation to prove satisfactory per-

formance, usually involving the use of test equipment. Controls
should be specified in several areas:

I) Equipment required to fill liquid system reservoirs
should be cleaned at least to the system level and

the fluid should pass through a fine filter before

entering the reservoir• Merely dumping fluid from

an open container, or using any available barrel pump,

will almost certainly contaminate the fluid before it

even reaches the system; ,._..

2) Any test equipment that is to be attached to the sys-

tem, and any fluid contained therein, must be cleaned

at least to the system level. This is an area often

overlooked on ground support equipment used on site;

3) Since the fastest accumulation of contaminants in

recirculating circuits occurs during the initial run-

in period, when much leftover dirt from assembly and

products of wear and abrasion will be flushed out,

the first replacement of filter elements should be

performed at an earlier time than planned for routine
maintenance ;

4) if initial system cleanliness |ms been necessarily

haphazard because of the physical configuration of
the circuit, consideration should be given to the

use of provisional filters until the desired ¢on-

tamination level is obtained. The temporary filtra-

tion equipment can then be removed, and reliance

placed on the system filters.
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" !_7_r_l Swtom O_er_t_o_

Some effective ways to control contam%nation are:t

I) One of the most effective ways to prevent entranc_

of airborne contaminants into an operational fluid

system is to maintain continuous, positive pressure

on all plumbing (blanket pressure) during periods of

inactivity. This is often easy to accomplish in

gaseous systems, and can be done without undue com-

plications in hydraulic systems. It is not desirable

to retain certain types of liquids such as cryogenics

or propellants that are likely to be corrosive or

produce a safety hazard due to boiling, in the sys-

tem piping. Such systems should be drained and

blanketed with an inert gas such as nitrogen. This

method is particularly effective in preventing in-

ternal condensation resulting from the entrance of

atmospheric moisture, which is often an insidious

mode of performance degradation;

2) Nearly all fluid systems contain some electrically-

operated components, such as solenoid valves. The

effect of atmospheric contamination on the electrical

portion of such components is often overlooked by

the fluids designer. Inert gas purging of electrical

connectors is another important item to consider

especially when operating in an atmosphere that is

moist or salt-laden. Potting should be considered,

but may not always be adequate. Cases have been

noted where contacts have been inadequately cleaned,

or where moisture has been trapped inside the potting

compound, and corrosion has proceeded int_nally;

3) Hydraulic systems should be constantly filled with

fluid to keep the various component seals wet during

long periods of system inactivity. Seals of a con-

figuration or material selected sveclfically for

operation in a liquid environment may shrink or dis-

tort if allowed to dry out, thus posing a potentialF

leakage problem;

4) Guard against overheating of hydraulic fluid -- the

• temperature limitations contained in the fluid pro-

curement specifications should be carefully observed.

Overheated fluid may chemically decompose, creating

large amounts of si'diment, or resulting in the

deposltlou of gums or varnish throltghout the system.
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SAMPLING TECHNIQUES

The stipulation of a required level of cleanliness for a fluid

system inhv;ently dictates that samples of the operational fluid

bu collected and analyzed for contamination. The basic steps of

particulate analysis for _ typical application consist of:

i) Obtaining a truly representative sample of the fluid;

2) Separating the particulate matter from the sample;

3) Determinit,g the quantity of particulate that falls

within several arbitrary size ranges.

Several diff:erent methods are commonly used to accomplish these

tasks, none of which is completely satisfactory in all respects.

The ASTM and SAE have published several different procedures that

deal with this subject. Although sampling operations are not

usu_lly controllable by the design activity, a discussion of

several aspects of the subject is presented below to make the

designer aware of operations that reflect, or may affect his sys-

tem requirements. (See References 4, 5, 9, and i0 for further

details.)

Visual .Examina tion

Samples of liquids may be collected in bottles and examined

with the naked eye or under a microscope for proper color, evi-

dence of sludge or suspended material, or other gross evidence

of contamination. Gases may be passed through a Millipore (or

equivalent) filter disc which is originally pure white; any con-

tamination in the gas will cause discoloration of the filter

which is then compared to a standard set of discs that can be

obtained for the purpose. Approximation of a certain shade of

discoloration is equivalent to a known contamination level. Ob-

viously, these methods are sensitive to technique and the tech-

nician's capability, and can be used only when looae requirements

exist.

Open Bottle Mg!hod

A cotmnon method of obtaining samples in hydraulic and other

nontoxic liquid systems is the opening of a convenient drain

valvL, at some point in the system and catching a sample of the

LJuid in an open glass container. The sample is then usually

taken to a laboratory where it Is strained through a Milllpore
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I

(or equivalent) filter disc, usually of 0.80 micron absolute

rntlng with a printed _rid. Different color discs are available

to provide contrast, d(.pendlng on the type of contaminant that

is present. The disc is then placed in a microscope and, with

the aid of a calibrated eyepiece, the number of particles within

a given size range is counted manually. Typical size ranges are
)-_5 _, 15-25 p, 25-50 IL, 50-I00 _, 100-150 _, and 150+. The

number of particles sm_ller than 5 _ is usually quite large and

for that reason not counted. _t the fluid is particularly dirty,

it is common practice to count the particles in one grid square

and multiply by the number of squares. The size range used will

depend on the specification to which the fluid is being checked.

The final count must be related to the volume of the sample,

often lO0 ,it. This method is subject to a number oi" possibili-

ties for error, some of which are enumerated along with recom-
mendations in each case:

i) Whether a sample typifies the fluid from which it is

drawn depends upon the manner in which the sample is

taken. First, the system should be flowing at the

nomlnal design flow rate, otherwise settling of the
fluid my result in an unrealistic concentration of

contaminants. Many maintain that to be truly repre-

sentative_ a device similar to _ pitot tube should
be inserted in the plumbing to craw fluid from vari-

ous points across the pipe diameter; this is known

as isokinetlc sampling. Tests comparing the results
of the two methods, indicate that the need for this

refinement is somewhat debatable in liquid systems;

2) The sampling valve itself may be dirty; any contamina-

tion contained thereon may be washed into the sample•

To help avoid this problem, the valve port should be

carefully washed with clean solvent before the sample

is dr_wn. Also, a quantity of fluid should be flushed

through the valve before the sample is collected;

this not only increases the validity of the fluid,

but helps wash away particles that may be generated

by the physical operation of opening the valve;

3) The collection bottle itself may be contaminated to
a higher degree than the fluid. Extreme care must

l)e taken in handling the bottles in the field. They
must be thoroughly cleaned prior to use. A back-
ground count cannot be established for a bottle.

Cleaned closures should be provided and put in place

immediately to preclude entrance of atmospheric con-
tan_inants;
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4) Since the entrance of extraneous contamination can

never be completely eliminated, it is advisable to

collect as large a sample as is practicable, such
as i000 m_ (I liter). The larger the amount of actual

f)uid particulate, the smaller will be the pQrcentage

of particulate that is extraneous (background). Thus,
the sample will be more realistic. Particle counts

can later be related to a standard volume such as

I00 m_ if required by specificatlon. If relativoly

dirty systems (i.e,, Level 8 of NAS-1638) are being
sampled, a lO0-m_ sample is recommended since a lO00-

m£ sample will contain too many particles and cannot

bc counted by microscopic techniques.

Field Monitors (Bomb SamDlecs_

Several of the major filter manufacturers supply kits that

contain all of the hardware necessary for obtaining fluid samples

from pressurized systems under conditions considerably more pre-
cise than those associated with the open bottle method. Such

kits consist basically of a quick-dlsconnect coupling, a three-
way valve, a graduated flask, a membrane filter and holder, and

interconnecting tubing. The filter holders are disposable.

Membrane discs are assembled into the holders by the manufacturer

under ultraclean conditions. In practice, the system fluid is

routed from the quick disconnect coupling to the membrane holder

and into the flask. The 3-way valve allows the fluid to first
flush the connections and tubing into a waste container, then be
directed across the filter membrane and into the flask. The 3-

way valve is then closed and the apparatus disconnected Intact

from the system, and transported to a laboratory for analysis.
For particulate counting only# the disposable filter and holder
arc utilized. However, the fluid collected in the flask is

available for further analysis such as nonvolatile residue, trace

impurities_ moisture content, etc, These kits are equally appli-

cable to liquid or gas sampling. When sampling gases, a known

flowrate muse be established_ thereby permitting collection of a

sample of known volume. This may be accomplished by flowmetcrs,
or by a timed amount of flow through a calibrated orifice.

Bomb sampling equipment exhibits a distinct superiority over
the open bottle method in that extraneous contamination is mini-

mized, £f care is exercised in the operation. The question of

sample representation Is_ however, still present. Consideration

of isoklnetic _echnlques should still be given to ganeous systems,

|

D
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' MilILport, discs are ]imited by tll_ amount of dlffc,r_-,n_la]

pr[_;;ure llleywill accept without rupturing, High price,sure mum-

hrane,_ coi_structed [rum teflon or nylon vast will accept 1500 psi

difft,rent:lal pressure. Milliporc, discs are available in white

and different col_rs t and provide background =ontraut in order

to make the Job of counting partleulatt_ easier.

Au_gnm_tcd Samp! i_!P_

Equlpm_:nt is presently availabl_ from several manufac_ur_
For automatic, coutinuous on-llne particulate sa_pllng. These

c_,unteri_operat,.,o, one of sevc.ral diffc,._nt prineipl_s £nvolvin_
_Jptlcs or _,lectronics, They are aceurat_ sensltiv_, and _uqulrc

no physical hal,dling or manual counting methods. On Lh_; other

hand, they are difficult to adapt to rugged fi_.id conditions,

being essentially laboratory type 2qulpmert_. Remote sensors may

bc located in the system, with the recording device located in

a controlled area, Automatic counters sense particulate size

on a projected area or volume basis. Since r_e_.'=lyell particulate

specifications are presented in terms of the l>nge_,t particle
dimension, a direct correlation cannot be made w_th automatic
counters because of the different standard used. A distinct dis-

advantage of autonmtic counters is that they interpret air bubbles

as particles and readily present them as a high particulate count.
Such equipment is not in wide use in field installations at the

present time, but every possible consideration should be given to
its use.

KnowledKe possessed by the designer of basic sampling pro-

cuduzes as out]inud above should enable intelligent provision

of sampling hardware and inclusion of meaningful requireme_ts in

the system operating procedure. This knowledge should also co_-

vince the designer that sampling is an imperfect art and should
not be relied on as a perfect indicator of the contamination

level within a fluid system.
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FLUIDS

The l_l. lc,w_ng d_scusshm is intended to _equaint tlm de, signer
w_th tile ,legrees uf particulate m,ntamination that may bu expected
in common pr()eur(,ment fipc_:Ifieati_ns for niLrt_gen_ helium, and hv-

, clraul ie fltlid.

Nitrogun

MIL-P-27401B dated ].9 Sr:ptembcr 1.962 (current issue) ie Lhe

usual spoci flcat_,,n r¢,furencod for the. procurement of nltropun f¢,r

gr(,und sysl:oms .se. This doeumunt co,verB b¢_th F,aser,us and lJq.Jd

types, and r_pucifJes that either form shall contain nut loss than
99.5% by volume n_Lr_,gen, and nt_tmore than 26.3 ppm muLsture at

standard cond|tlons. N() particulate size or weight limitath, ns

are placed (,n the h,aseous form, btlt Jn lhe liqtlld, so|id parLJcu-

late shall nut exceed l.O rag/liter, as trapped by a |01,abso],Le

membrane filter. Essentially this means that there Is no q,alit_-

£atlve lim_l._tion on particulate matter smaller than |.0 microns,

and that there is no size ]im_taLion on Lhe 1.0 mg all,,wable mass

quantity. It is specified that a 40-micron absolute I'llLot shall

be insLal[(.d between the manufacLurur's plant system and Lhe CUll-

tainer to hi. tlsed for delivery of the liquid nitrogen. From ehesv

requirements, th(, deslgner should expect:

i) An appreciable quantity of particles less than foil

that may be detrimental due to silting and stiction;

2) A likelihood of fibers up to 400_ (that could pass
the 40-micron filter);

3) A determinable quantity of particles lOf Co 401, (up to

an aggregate mass of 1.0 mg);

4) No restrictions are placed upon the cleanliness level

uf the delivery container and its initial particulate

contaminants may be transferred out of the container
with the fluid.

Helium

MIL-P-274(]7 Amendment i dated 8 January 1965 (current issue)

is the usual specification referenced for the procurement of Bas-
t,oils helium. This document specifies that the helium gas shall

c,mtain not Loss than 99.99_% by volume helium, and not more than

9.0 ppm molsture at standard conditions. There are no particulate

..... ., . ,

,, ,- j , i
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silt' _,r w_.iyht [i.nttntJon_ 8pecific.d in thin npoel[I,at [ml, and

n_, J_iItraticm I_ _ipecJfiud bol,.lf.enLl_t.rnniluf_It'tilrt,ri:;pl.ailtand

the delivery c¢,BLaill_r, ENtrall_Ll#_ particlil_itu fr_,m lli_,dt,I i,.,try

c_,ntainer may ay>ain hi:, nnt:_cipatc, d,

.llyd r o_u1 $ c Fluid

]) M]L-II-5606B dated 26 June 1963 (current ini_iu.) has

l'lJr ytal_ lll'l,i1 Lilt. ClllllnlClll _llfaciJ_il_'_Liull rl_fcrnnct,d

17it Lhc, prtli-llrcrllfJn i i}[ + hTdraull.c till £iir tU'llertii iiPii ,

Tt, nlpi, ralzurl, 1.iniitatt,)nn ai't, -65 tl, +16(i"l ' in ilpi,i1

flylill,lllfi arid -(15 tll "l-275°P In c].llsod (lll.rl_'i_) liysLl#lllb,

Ml_ll, lili't_ if_ liml. tl, d t-,_ loft pplll al: ftl-alldard tl,lldll t_Jlib,

St, lid l_nrtJt:ull-itt, lit ]_linltt,d I_li 0.3 mg/I(lO tullllllil ik
witli sill, rt,l_lrl.cli,u*il4 al, It,ll.l,wl_ tl,l" tilt, #lalil_, v_,liillll I

_i-ll' I_ali}U' (0il;_cril_lift} Al,]uWt'lll].l! Nil!hill, [

5-I 5 250O

] 6-2 5 l og(J

20,. 50 25l)
51 - I ()0 25

Uvt'r ].0() Nunc':¢

";rNon(, is defined as (,ll@ ].eSS thall th(,

niimber of salnplus taketi during a givuil
analyst 8.

Permission is given in t:hls specification for tht,

addit:ion (up to 207.) of polymeric viscosity-Lenlper-

ature coefficient improvers. Recently, industry

literature has reported that methacrylates added for

this purpose grt,atly increase tile tendency of slll,-

m[cronic particles in tile l;l.uid to agglomerate into

largt'r particles during pt,riods of storage. Thus,

t)Jl thai met speclfication when it left the manulac-

Lurer may evidt,ncv sLudgl: in the can when opt,ned later

For acLila] use. These agglomerates may be broken tip
hy St'Vt'l't' agitation, bill" will reform if left In a

_tatic collditit_n. A vibratory environment appt'ars to

illt'rt.ast, tilt. rate t,f agglomeration, apparently by in-
_'reasing the force with whicll particles s.trike each

other. The methacrylate apparently serves as an ad-

lli:si.v¢,. Typical agglulnuratc size nlay often reach
suvt'ra 1 hundred microllS ;

..... , ,, ,,a .....

_ -- , ,, , , _ , i Ill ,Jim llq " " " I I I IIIIII II I IIIIII IIII IIII I III "
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2) t.1]I,-1t-6083C Amendm_,nt ] dated 11 Sept_mher 1cJ67 (cur-
I_'llt Jf;;mt.,) is a m_Jr_' rocen! procurumc_llL sp_,_||'jcaL|_,j,

I(,r ltydra.lJc _.,_1 uith pre_.rvativc, propertit.t_. Th|._
_,i] wa_ prJ.marily tntend_.d as a pr_,s_,rvatJve and tL'_t-
inl; .ff,dillm, hllt ]e comm(.nly llsc, d in really hydraulJ.¢' _yh-
tc,lns l..,raL,_e o17 tli_, c.rro_i_Jn J,nhibiLor addJLiw,. N{,
Sl)eCil ic t(:inl)i,ratur(, ]il]lJtat_,_liB are _iv(.n In the
fq_eclfJcatJonf_, Iml Jmp£Jed ]JmJ.tB are-65 I_, +]60QF
in ,,pen _y_tem_ and -65"F t,,+275"F in c]._d (airl_,._)
_y_U,m_. M,,J__ture J_ ]JmILc, d to 500 ppm nt _ta.dard

l,arlJvlil.al-_, IT|fiLl:at, I_,I Lift' f¢}][owirl_ _Jgu II.illll./ill_,llfi

;_r_. iml.,m,d p_,r ].OlJ m] w,ium_,:

._Jz(: l____lLm_ ,A).l.wal!l,e _.m _r

_-I 5I, 2500
16-251_ ].000
;_O" !;(Jl_ 250
5J - 1,001_ 25
Ow, r I001_ 5

'fhe same a],lowab],(, 20'I, addillm_ uf acryLi_ l)_,lym_,rJ._,
nddIL lw.s J _ aL]ow_d I:_)i." vlsc',,slty lml_ruve,m,nL, and
Jn addil.ion addiLiw's a_tu a]h.'wud for corru_J.n Jn-

hit)ition. Apparently due to Lhiu diffurc,ncu, the
literature repurta that this type of oil is much less

subject to agglomeration Lhan is MIL-lI-5606. Nu prob- ,.
lems result when tlle two type_ of, oil a_e mixed t.-

gether in any proportion. _urious con'_J,_.erationshould

be given to _his oil, primarily because of its impruvud
performance with rt;spect to ec,rrosion.

...... - ,, ' _' " " I " III III II III i IB "'- III -- II1" I I
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CLEANI,INESS STANDARDS

As a realter of c,ducatlon fc,r the designer who is unfamillar

• with the uflorts of various technical s_,cieties along I.]le lilluS

¢'f ¢o;_tamlnatic)n control, tabular size/qllanLity information is

presented in this secti,n /or three diff,,rent standards that have

. l,ton pr_,pr,sed at vaFJ.uus Limes, and that have buell widely used

and :lu,_tc'div] the, literature. All of those specificaLi,uls are

dlructed t-ward hyclrau[Jc' fluicl and components. To the nuthorVs

kn,,w[edyu, m. similar dc_cumenLs have bec.n formulated [or gas_.,us

,(,11}lll(Ptlltll.Sq,f ally type, c,r for any other specific liquids. It

:,l.,,lJdI,,.(.ml)hasiz(.d that manual countiny of particles _s ll,_tall

,:.:a_t I_cJc'flc'(,.I'_rlIcle counLs can vary *,30% I)utween ._I¢il.l.ed
l(.chnJc'Jlmns using the, same eq,lpment. The variance is _ftun

larger than l.hJs, Anal.ysis of particle count spectra sllo.].d be
vie,wed In a broad sensu_ rather than aB concise numbers ill explicit

size rangus.

Cl¢_anliness SpecifJc:ation -(NAS 1638)

A] though this Specification presents both size and nmss cri-

teria for particulate matter as separate recommendations, no cor-

relation is intended between the two. The recommendations are for

hydraulic flulcl t.ffluent from parts, assulnblies, lines, and fit-

tings. The cleanliness levels art. based upon a 100-ml fluid voJ-

um¢.. N- recommendations are given for app]icatlon of a specjlic

level elf class Lo a particular piece el hardware. 'filedocument

was prepared in 1964 by the Aerospace Industries Association of

America, inc., and coordinated wit}, SAE Committee A-6.

[) Particulate Size Limitations

n

*Particle Size Kange (microns)
i , I

C].ass 0-5 5-15 15-25 25-50 50-100 Over 100

O0 125 22 4 1 0

0 250 44 8 2 0

t 500 89 16 3 l
2 1,000 178 32 6 l

3 _ 2,000 356 63 11 2
4 _ 4,000 712 126 22 4

5 S 8,000 1,425 253 45 8.M

' 6 _ 16,000 2,850 506 90 16

7 D 32,000 5,700 1,012 180 "_2

8 64,000 11,400 2,025 360 64

• 9 [28,000 22,800 4,050 720 128

I0 256,000 45,600 8,100 1,440 256

II 512,000 91,200 16_200 2,880 5[2

12 I )024,000 182,400 32,400 5,760 1,024

*N_, [imitations are placed on size or quantity of fibers.
Ul

_.. , . .

............... , " " II II I II I II _:,,,i
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2) Particulate Mass Limitat_onB

.... leo iOl ]io2 1o4 lO5 lO61,o7 lO8
..... |- , 4 -

Wt i.ght (rag) 0,02 0.05 0.10 0.30 0,50 0.70 1.0 2.0 4,0
ii

Not._e: Sample v()l.ume_larger than l(JOnll are recommended If(Dr

Classes 100, ]01 and ]02, JU __

Clc,anliness Spucificati(,n - (ARTC -28)

This sp_.cifiuation agaln pr,.sc_ntsslz[_ and weight criteria

_cparately, wlth no correlatlon intended b(.tween the twt_. This

d(,c_lln(.nt is int¢,ndud to apply to hydrault.c fluid as such. Th(,
cleanlln(._ levels are based upon a 100-ml fluid volume. Some

recommendatiuns are given for specific applications, as noted in
the tabulal i(,ns. The document wa. originally prepared tn 1961

I)y the AIA, but underwent significant revision in 1964. It is

this revised data that is presented bel_,w; the earlier data is
seldom ref(_renced.

]) Particulate Size Limitations

Particle Size Range (microns)

Class 0-5 5-i0 10-25 25-50 50-100 Over i00 Fiburs

1. "_ 220 20 5 0 2

2 _ "_ 530 60 10 I 3

1530 150 15 i 4
.,4

,..w '= 5530 420 40 3 74 _
,.ID

5 1650 320 25 0 I
o
E-.I

Not___qe:i. (:lass i is for ground test units.
2. Class 2 is for serve and power systems.

3. Classes 3 and 4 are for aerospace ground equipment.

4. (;lass 5 is for refinery supplied fluid.

2) Particulate Mass LimJJations

Class II 12 13 14

WuJgtit. (rag) 0.1 0.3 0.5 1.0
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" Ct,mb] ned Tc,nta_:Jve Stands rd

Betwvon the two editions of ARTC-28, a tentative, revlsi_,n was

• £t, rmulatq,d (largely to make the original size ranges e(,lncid(,nt

wilh publications of other societies). This documt.nt rvceivud
wide c:Irc,llation and is often qqute.d in the literature. Alth_,tlgh
never r(,l¢,nuc, d as a distinct number-hearing document, tlliu tablt.
r'aluc, to Im km,wn aa _he "combined AIA-_g-ASTM tuntatiw, standard."

A__,,atn, tim cleanline_,s H, vels ar_ basc,,l upon a lO0-ml fluid v_,lume,

Approximate appll.cal._.,m _nformation is provided, Tht, intended
t,sage wa_ the same a_ ARTC-28. No mass lgmitat.iona w,.re tncl.l,h,d,
n,r are any list rations placed on filwrs. Fl_rther u_ ,,r rt.fe, r-
encos to this data should be aw, ided; it is included herein as

background material only.
a, i n

Pal:title Size Rangc.s (ml,crons)
i n, i

Class 0-2.5 2.5-5.0 5-i0 1.0-25 25-50 50-I00 Over I00

0 2,700 670 93 1 6 1
] ,= 4D 600' I ,340 210 28

2 __ =°° 9, 700 2 ,680 380 5(_ .',
,.4 .,4

3 _ _ 24,000 5,360 780 II0 II
4 _.,4 _ 32,000 I0,700 I.,510 225 21
5 _ _ 87,000 21_400 3,t30 430 41.
6 128,000 42,000 6,500 l_000 92

7-10 _ _ Pending '

Approximate Application Note:
t

Class 0 - Rarely attained Class 5 Poor missilc,
Class I - MIL-H-5606B system

Class 2 - Good missile system Class 6 - Fluid as rece._._ed
Classes 3 and 4 - Critical Class 7 - Industrial service

system, in genera].

"In addition to these three documents which are reasonabl.y

well recognized throughout the industry, there are myriad speci-

ficatitms that have been generated over the past several years by

individual c,,mpani(.s, tilemilitary, and NASA; no attempt will ])e

• made to tnt'lude any of these here• Nearly all }lave evolved over

a span of time, based on successful experlenc_; few if any, will
be found to correlate exactly with the above so-called industry

J

S [and,H rd s.

.......... - - - ,l , ....... :- 1 r

00000002-TSA04



CI,EANI, JNI'_S8 I,F,VI_I_ RECOMMENDATIONS

'l'hi8 ]Inndl1_.,l¢ has attempt:ed Lo onumerat_ many of l:hu m,_r(,
ilnl-)(,rLarll* lacuLs ;Jr the d('sJgns op_ratl.n, and m_int:unan_-'(, of
grc, und l'i.Lild 8ysLc:m8 whlch mi1su be conl_;Idc, rl,d If offeeLlv,, con-
lal_Jn,qr;l_,ll c_,[iLrcsJ. Is t:¢_ b_, achlov_d, This dlv_rsil:y .f fa_:l;_;r8
r.¢_sentinlLy m_,an8 tl_at any l.iw, n f].uid 8ysL,_m 8ho.ld be deal.l: with
,,n an l_dividuaL ba_18 wl_en ostahlishing cleanliness lew,[_.

._1_w.rth_l_ss, Ll_,,supt,rmJns undergoing tll_ir IniLLa_i-n into the

(lealllJn[,s_ field invalTial_lyfeel the n_ed for some has,_l.Jn_-, or
_;round rll]_._n "jumping-off p]ace" _rom which L- bogln any In-
,]|vid.alizud analysis. For thls pilrpi_s_,,uloanlinoss ]ovel _'ueiH11-

m_sdnti.ns aye FIVOII In thJs s_:etion. 'J'hesorec_)mmenda_i_,ns f_l-

].,,W tile phi l.,,s-phy that th(, m,,st eeonoml._:a], means to arhiev(-, [i,n_i.
l_orm ;_y_Lum rc.,]iabJllty in t_,rms _f eontaminatlun _onsJtivil:y IS
t(, c_,nfu_m I.o f_._r basic rrJterla:

1) l)esJg_,i)r select all components fur maximum dirt
l (I [('l'allC(_ ;

2) 1hell,de thorough filtration t'apabi].ity J.n Llle design;

3) lnlLtally oh:an _omponent_ and sysL(:ms _o a readJly
_,l,tainable, e(:onomi_ally feasible level;

4) Follow strict, meaningful operational and maintenance

procedures.

The following cleanliness levels are not intended for across-

the-board applications to any fluid system, but rather should be i
runsidered as a realistic starting point for an individual system

analysis. The following specific restrictions apply:

i) Ground systems only, operating under ordinary ambient

conditions at pressures up to 6000 psig;

2) Fluids imply hydraulic oil, gaseous nitrogen, and

_,aseous helium;

3) llydrauli¢ serve valves or other extremely close-

t:olerance components are not present in the system;

4) Systems ill which one cuntaminatlon failure will not
result in mission abor_ or failure, or result in a

hazard to personnel.

I
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. ll_y}i2_atjlic Rvt,mmundations

It is t:xpectc, d that components wi.iI he cleaned hy the rLnse
, motllod in a contrullod c,nvt.ronment., and lhat system fluid samples

w|,ll be ohtnLned through tile use ()f a "bomb" sampler, Criteria

, l.s par lO0 ml. of fit.lid. A minimum of 200 ml of solvent pzr square
I'ooL of slgnlffcant surface ar_,a should bu used in the rinse sample.

I) e-mponent C],eanltnass Level
=............ .

Part ivle Slzu

(alert,n) (1-5 5-15 15_25 25-50 50-100 Over i00
i, I

Quantity

per ft::' of

Significant No l_mit 48,000 8)300 1,500 250 50
Surface Area

2) Systc,m Cleanliness ],(,vt_l

ParticLe Size,

(micron) 0-5 5-15 15-25 25-50 50-100 Over i00
i i

Quantity per
lO0 ml o£

Fluid No limit 64)000 11)400 2)025 360 64

Pneumatic Recommendations

Again, rinse methods for components and bomb sampler systems

are recommended. The following recommendations are based on levels

that have been found to be acceptable through extensive experience

and tests with pneumatic systems. Criteria is per square fool of

surface area fur com qents and i00 grams of gas for the system.
A minimum of 200 ml ok solvent per square fool of significant sur-

Face area should be used for the rinse sample) or 200 grams of gas

for a system blow-down sample. Membrane rating should be no gr_.at-
er Lhan 0.8 micron al)st)lute.
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l) Component Cleanliness Level

.... i ......Partic]c Slze

(micron) 0-300 300-500 500-1000 Over 1000
__J ..........

Quantity

per ft° of
' Significant

Surface Area Unlimited_ i0 2 None

F{.ber Length

(micron) 0-750 750-2000 2000-6000 Over 6000
, ii ....................

Quantity

per ft_ of

Significant
Surface Area UnlimILed* 20 2 None

i

*Total filterable solids lim£tatlon 0,25 ms/f, _

2) System Cleanliness Level

i ii ii ii1Par=icle Size

(micron) 0-300 300-500 500-1000 Over i000

Quantity per

i00 grams Gas Unlimited' i0 2 None
ii i

Fiber Length

(micron) 0-750 750-2000 2000-6000 Over 6000
i III iI

Quantity per

I00 grams Gas Unlimited' 20 2 None
ii i I

,Total filterable solids limitation 0.3 mg/lO0 grams gas
i i i . li h i
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